As much of the work on which this paper is based has not yet been published, it is necessary to briefly review the work in order to bring out the argument clearly. First, then, we must consider the mechanism of fever production. Friedberger showed that in animals which have been sensitized with serum (for the demonstration of anaphylaxis) a much smaller dose of the protein is necessary for the production of temperature variations than is necessary in unsensitized animals. He also showed that in the early stages after senLsitizing an animal a further dose of a protein will produce a rise of temperature, but later on the same dose will produice a fall of temperature. Finally, he showed that if anaphylatoxin be prepared in vitro, a small dose injected into an animal will produce a rise of temperature, a larger dose 'a fall. Prom these observations he concluded that these various effects were due to the formation of anaphylatoxin produced in vivo on the one hand and in vitro on the other, and that the various effects depended on the amount exhibited. Vaughan and Wheeler have shown that repeated doses of protein or bacteria produce temperature variations; the type of variation depending on the dose and frequency of inoculation. They consider that protein and bacteria contain a preformed toxic molecule. Hort and Penfold have shown that temperature variations occur in animals when these are inoculated with certain bacteria. They consider that the temperature variations are due to a substance they designate pyrogen, which substance is supposed to be liberated from the medium on which the bacteria are grown.
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Acute deatb, so-called anaphylaxis.
If, however, there is insufficient ferment present to start with, acute anaphylaxis can never be produced, and so on.
(2) Proteolytic degradation bodies, so-called anaphylatoxin, manufactured in vitro produce effects parallel to the above according to the dose.
(3) That by producing varying stages of anti-anaphylaxis (that is to say, the condition following the anaphylactic shock in which recovery has taken place) the conditions following a further dose depend on the amount of ferment used up by the first dose. Friedberger came to similar conclusions from his work. For example, if all the ferment is used up by the first dose, the second dose produces no temperature variation. If most of the ferment is used up, the second dose produces a temperature rise. If little ferment is used up, the second dose produces a temperature fall.
(4) By inoculating the tissues of animals sensitized to protein or bacteria into a normnal animal, that these passively sensitized animals acquire the power of developing temperature variations after injection of the specific protein.
And we were able to show that if the amount of ferment--i.e., the sensitized tissue injected-was kept constant, temperature manifestations varied inversely with the amount of the protein subsequently injected, and by keeping the protein constant and the ferment variable, similar results were obtained. Also, if normal tissues of animals were injected into normal animals, these animals developed the power of giving temperature variations with smaller doses of any protein than normal animals, this power being due to an increase in the normal ferments, specific or non-specific.
From these observations we have been able to deduce that (1) Temperature variations are due to the interaction of the substance injected and the ferments present, normal or induced.
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(2) That the substance which gives rise to the temperature variations is an early degradation product of proteolytic disintegration of the injected substance.
(3) That the rise and fall are both due to the same substance and not different stages of degradation of this substance, but to its rate of accumulation.
The substance in large amounts produces a fall in temperature, in small amounts a rise. So that the results depend on the relative amounts of substance injected and ferment present. If, then, there is sufficient ferment present, any stage can be produced from a single dose, according to its size, from a temperature-raising effect, through a. temperature-depressing, through so-called anaphylaxis, to the acute-Auer-Lewis phenomenon or acute anaphylaxis:
. Hort and Penfold have shown that minimal quantities of certain bacterial broth cultures-for example, Bacillus typhosus-when inoculated into normal animals in sub-lethal doses vary in their result according to the degrees of dilution of the culture; that the maximum toxic effect is produced with distilled water, but that the results are inconstant with normal saline. Thus by diluting sub-lethal doses of typhoid broth with distilled water they are able to produce great temperature varia--tions and death. Anaphylatoxin produced in vitro. Anaphylatoxin expressed in cubic centimetres of crude toxic serum, along the 102.60 F. normal guinea-pig temperature line.
We have been able to show that the phenomenon of Hort and 1Penfold can be produced in animals in which the inoculated substance cannot possibly have any preformed pyrogenetic substances, such as sterile egg albumen and sterile washed red corpuscles. We have done this by inoculating guinea-pigs sensitized to the above substances with the homologous antigens in various stages of dilution, in sterile pyrogenfree distilled water, the antigen being in such quantities that undiluted it gave rise to slight or no temperature variations. (These effects can be seen on Chart III.) We imagine that the explanation of this Pathological Section phenomenon is that, firstly, the fermnents are greatly diluted; secondly, that their activity is greatly inhibited by the hypotonicity of the solution; thirdly, that the hypotonicity of the solution renders it more rapidly absorbable, so that the degradation bodies formed are absorbed before they are rendered non-toxic.
The toxicity of a bacterium not possessing an exotoxin was formerly considered to be wholly due to the liberation of an endotoxin. Friedberger considers that toxicity is due to the formation of anaphylatoxin A series of guinea-pigs sensitized with 0 02 grm. of egg albumen one month previously.
CHART III.
A series of guinea-pigs sensitized with 0-06 c.c. of sheep's washed red cells three weeks previously. from the endotoxin, but does not absolutely deny the possibility of the endotoxin being directly toxic. Now the views held at present with regard to the endotoxin are that it is-(1) A toxic substance secreted in the animal body.
(2) A preformed toxic molecule which is liberated by breaking up of the bacterial cell: (a) in the animal body by antibodies; (b) in vitro by alcoholic potash; (c) in vitro by watery potash; (d) in vitro by freezing and thawing or by freezing and grinding.
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We have been able to show that the so-called endotoxin is really the toxic proteolytic degradation bodies liberated from the bacterial protoplasm by the action of the tissue ferments, and that accumulation of this body in bacterial infection is the cause of the symptoms and death, and is the same for all bacteria; and that this is the same substance obtained by Friedberger in vitro or from the peritoneal clavity, using the peritoneal cavity as a test-tube. We conceive that the toxicity of a bacterium depends upon:-
(1) The ease with which its protoplasm is accessible to ferment action.
(2) The nature and amount of ferment present. Thus, if a bacterium is fragile, the ferments present can attack the protoplasm easily, the toxic substance is liberated readily, and the symptoms depend on the amount of accumulated toxin at any given moment. On the other hand, if the bacterium is tough-for example, the tubercle bacillus with its fatty capsule-the ferments can only act on it very slowly, and consequently the rate of production of toxin is very much slower. -Again, within limits, an increase in the ferment will increase the rate of liberation of toxic material from the bacterial protoplasm.
It is said that an animal dying of any form of bacterial infection is supposed to die frbm the specific poison-i.e., the endotoxin. Now we have been able to show that the blood of these animals contains an intensely toxic substance, which when inoculated into guinea-pigs intravenously, in doses of from 5 c.c. to 10 c.c. produces acute death with the typical symptoms and post-mortem appearances of proteolytic degradation body poisoning. We have obtained this syndrome with the blood of rabbits dying from chicken cholera, coli, Danysz, dysentery, and phlei, and the blood of guinea-pigs dying from staphylococcus, tubercle, proteus, and prodigiosus. We have also produced the same syndrome with the blood of animals which have died of toxamia from the abovementioned dead bacteria.
The number of bacteria inoculated with the blood of these animals is extremely small, and is quite insufficient in itself to cause acute death of the type mentioned. In fact, we have shown that when bacteria are completely broken up by freezing and thawing or by grinding, so as to liberate the " endotoxin," death of this description only rarely occurs, and then with quantities of over 20 mg. dry weight. We have succeeded in producing acute anaphylactic death with tubercle bacillary emulsion (B.E.), coli, and proteus. With all other organisms with large quantities, intravenous injection causes delayed death (delayed ana-Pathological Section1 phylaxis). The animal develops rigors, ruffling of the coat, fall of temperature below 940 F., paresis spreading from the posterior to the anterior extremities, and disordered respiration. On death, the postmortem changes are all the same-viz., congestion of the right side and veins, distended gall and urinary bladders, and a certain degree of lung distension. Now these symptoms and post-mortem appearances are identical with those produced by inoculation of egg albumen into eggsensitized guinea-pigs, in doses too small to cause acute death (or where the ferment is insufficient to cause acute death). Now we have noticed that guinea-pigs dying of any bacterial infection die with these same symptoms and post-mortem appearances. The results obtained by Arima with so-called typhoid toxins-i.e., the soluble and insoluble typhoid protoplasm-are identical with these. Vaughan and Wheeler have produced tissue changes in animals, by the repeated inoculation of egg albumen, which are exactly the same as those produced by bacterial infections. Thus we see that the toxic substance liberated from bacteria in large quantities produces in normal animals symptoms of acute proteolytic degradation body poisoning, in smaller quantities great fall of temperature, paresis, rigors, &c.; in smaller quantities still, fever; and that the so-called endotoxins only give rise to these symptoms when the various ferments have been able to produce the necessary accumulation of degradation bodies to give rise to the symptoms.
In animal infection the difference between the symptoms produced by the different bacteria depend on the distribution, rate of multiplication, and consequent liberation of the degradation bodies. For example, a characteristic clinical picture may be obtained with certain bacteria due to local cumulative effects. In certain structures where the organism is normally present in large quantities and is continually there undergoing proteolytic degradation, for example in the intestines, we always note, in coli infections, intense hyperoemia of the mucous membrane and hypermemia of Peyer's patches in guinea-pigs. A similar condition was noted by Schittenhelm in dogs, by injection of hydrolytic degradation products of Bacillus coli. The acute toxic material of Vaughan and Wheeler, Schittenhelm, &c., are really hydrolytic cleavage products and not unaltered bacterial protoplasm. Friedberger, in his paper on " Anaphylatoxin Fever," drew attention to the similarity between certain features in the syndrome of bacterial infection and those producedt by anaphylatoxin.
To summarize:-(1) Endotoxin as originally understood does not exist. The bacterium does not liberate a primarily toxic substance.
(2) The bacterial protoplasm itself is not directly toxic.
(3) The bacterial protoplasm becomes toxic on exposure to ferments. (4) The degree of toxicity depends on the accessibility of bacterial protoplasm and concentration of ferment.
(5) As we shall show later, if the amount of ferment is very large, lysis occurs so rapidly that the bacterial protoplasm is broken down to non-toxic substances.
Now with regard to the ferment and its formation. We have found that working on the early stages of the formation of a haemolytic antibody in rabbits to human red cells, the development of the specific antibodies can be traced through the following stages from the panenzyme. Complement in its simplest form must be regarded as panenzyme which will attack any form of protein, though slowly. In its earliest stage the specific ferment occurs in such a condition that when exposed to the specific antigen at 00 C. it combines with it, and it is found that the complement, which would otherwise activate sensitized homologous antigen, has been removed, but that the other complements are left free. This ferment is destroyed by heat at 56' C., and cannot be re-activated by the addition of fresh complement. The next stage is the development of a thermolabile amboceptor, which combines at 0°C. and does not fix complement in the cold and by itself will agglutinate. The final stage is the development of the thermostable amboceptor. In the normally occurring hemolytic antibody (e.g., in rabbits to sheep's red cells) all three stages may be demonstrated to occur at the same time, and it seems that the younger the animal the less differentiated the ferment is. The antibodies to bacteria apparently go through the same stages, but it is only in certain cases that the whole process can be traced. Thus we consider that the coluplement is an enzyme and the amboceptor is a kinase or co-enzyme which activates and is an adjuvant to the former.
From the above work we thought that organisms were not pathogenic because they produce endotoxin, but were pathogenic to animals because the animals had ferments which were capable of acting on the bacteria so as to cause an accumulation of proteolytic degradation bodies, which would inhibit phagocytosis and allow the bacteria to multiply. With regard to phagocytosis, we shall shortly publish a paper with Dr. Stanley Warren in which it is shown that:
(1) Carbon particles and bacteria to which the animal has no ferments act as innocuous substances and are phagocytosed by the polymorphonuclear neutrophiles and these in turn by endothelial cells.
(2) In an animal which is immune from the presence of a large at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from quantity of ferment the bacteria are very rapidly broken down beyond the toxic stage, and so are innocuous, and the usual sequence of phagocytosis occurs.
(3) In an animal in which the ferments are unable completely to break down the bacterial protoplasm quickly enough, the toxic proteolytic degradation bodies are liberated and these act aggressively, inhibiting phagocytosis. If these toxic bodies accumulate at a sufficient rate the animal dies and the endothelial cells do not appear in the exudate. If, however, the toxic bodies do not accumulate so rapidly the polymorphonuclear neutrophile cells, after a considerable increase in numbers, are able, in time, to phagocytose the bacteria, and eventually the usual sequence, though delayed, occurs.
So we would say that an animal is immune to a bacterium-(1) If the bacterium is unacted on by the ferments and so remains innocuous.
(2) If it is so rapidly broken up by the ferments present that its proteolytic degradation bodies are quickly reduced.to non-toxic ones, and so it again becomes innocuous.
And an animal is susceptible to a bacterium if the ferments can split off from the bacterium toxic substances in such amount as to inhibit phagocytosis. Thus to a given bacterium an animal may have very little ferment action, so little toxic substance will be split off to act aggressively, so that phagocytosis will occur and the animal will be unaffected. If, however, the ferment activity is greater because there is more ferment, or because there is a specific ferment, or because the bacterium is more fragile, then toxic substances will be liberated in sufficient amount to act aggressively, so that phagocytosis will not occur, the bacteria will multiply, and septicaemia will ensue (or the ferment may destroy the bacterium, but may be present in insufficient amount to degrade the protoplasm sufficiently rapidly to render it non-toxic so that these toxic substances liberated will kill the animal). Further, if the ferment activity is still greater the bacteria will be rapidly degraded beyond the toxic stages, aggressive substances will not accumulate, phagocytosis will occur, and the animal will recover.
First, then, we will take organisms to which the ferment activity normally is very low, such, for example, as the Bacillus mycoides, a soil organism superficially resembling the anthrax bacillus, but naturally incapable of growth at the body temperature and possessing flagella; the Timothy grass bacillus; the Smegma bacillus. These organisms when injected into the animal body produce in the case of the Bacillus mycoides no lesions (even when this organism is educated to grow at body temperature). In the case of the Timothy grass bacillus a plastic peritonitis occurs with pseudo-tubercles, with massive doses in the guinea-pig, from which the animal recovers. The infection only proves fatal on the addition of butter, and only Rabinowitch has been able to pass the strain on subsequent inoculation, other observers repeating her work have failed. The organism produces no disease-in rabbits.
A series of guinea-pigs were inoculated with 20 mg. dry weight of these organisms. In the case of mycoides, after a week it was found that the intraperitoneal inoculation of an agar slope of mycoides grown at 370 C. produced death of a sensitized guinea-pig in sixty hours. The post-mortem appearances were cedema of the abdominal wall, slightly turbid peritoneal effusion, enlargeinent and congestion of the spleen, liver and kidneys, moderate distension of the lungs, engorgement of the right side and veins. The organism was recovered in pure culture from the cedema and peritoneal fluid, from the spleen, gall-bladder, urinary bladder, and heart's blood. Microscopically the organism was seen in the capillaries of the spleen and liver, and was non-sporing. The post-mortem was thus indistinguishable from one of anthrax.
With the Timothy grass and the smegma bacilli an inoculation was made of one twenty-four-hour glycerine agar slope intraperitoneally into each guinea-pig correspondingly sensitized one week previously. -Death occurred in from ten days to a fortnight: the post-mortem appearances were emaciation and hair falling out, miliary tubercles throughout the body, some degree of plastic peritonitis in addition to the usual pseudotubercles that occur with the inoculation of these organisms into normal animals. The omentum was rolled up, infiltrated, and studded with tubercles. The organisms were recovered from the heart's blood in addition to other sources. The microscopical appearances were those of marked epithelioid reaction with the organisms in the lesions, and in the centre of some of the lesions typical granular necrosis. The postmortem appearances were thus indistinguishable from those due to an intraperitoneal injection of tubercle bacilli.
Parallel to these is an experiment in which we were able to produce acute miliary tuberculosis in a rabbit with a very small quantity of human tubercle bacilli. The rabbit was inoculated with about 0 05 mg. of human tubercle bacilli fourteen days after sensitization with 50 mg. of killed pulverized tubercle bacilli. The rabbit died in one week. In a similar way, Duval and Couret have shown that experimental leprosy lesions can only be produced in monkeys after previous inoculation with dead leprosy bacilli.
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We found that the 'sensitive period for infection was from six to ten days after the sensitizing dose. If, however, the second inoculation is given to a sensitized animal after an interval of a fortnight instead of a week, the animal recovers and does not develop the disease, unless a much larger second dose is given than in the above experiments. Later still the animal becomes so immune that the second dose, to produce any symptoms, has now to be so large that it is only capable of producing delayed toxic death, the animal not living long enough to develop septicaemia. The reason for this is that the ferment is increasing in quantity and is becoming more specialized as the length of time from the sensitizing dose increases; and only by using the methods we are just coming to can septicaemic death be produced.
Secondly, we will consider organisms to which ferment activity is relatively high, so that the guinea-pigs are immune for this reason. Organisms of this description are Hoffmann's bacillus, Sarcinae: Proteus zeniceri, Staphylococcus pyogenes aureus, Streptococcus erysipelatis and Cyanogenus.
We found that in trying to produce lesions with these organismns by the previous method we were unsuccessful, and in most of them the large initial doses of the bacilli, 10 to 20 mg. dry weight, produced death from toxeemia, with occasional terminal coli, &c., infections. From this we concluded that the available ferment present was capable of rendering non-toxic relatively large quantities of bacteria. Such being the case, we thought that if by some means we could (1) prevent the ferment getting rapidly at the bacterium, and (2) delay ferment action, we should be able to produce septicaemia with these organisms; for we should prevent the rapid breaking down of the bacteria and so allow aggressive substances to be formed. The bacteria would then be able to multiply in situ until the available ferment was so reduced that the organisms would be able to pass into and multiply in the blood-stream. To obtain this result we injected the bacteria in 15 and 30 per cent. gelatine and 2, 3 and 5 per cent. saline. The gelatine was used with the idea of delaying the access of the ferment to the bacteria, and of keeping the degradation products formed in their immediate vicinity and so produce around them a state of ferment equilibrium. The bacteria, then, as a result of this could multiply. The viscosity of the gelatine would further tend to delay the advent of the phagocytes. The gelatine might be thought to be able to produce toxic results by itself, which we found not to occur, or in adjuvanting the toxic substances formed from the bacteria, by degradation bodies from the gelatine itself. That this latter apparently is not the case can be seen from our experiments in which egg-sensitized guinea-pigs receiving a second dose of egg albumen, so as to produce a great fall of temperature lasting for hours, were not susceptible to several slopes of staphylococcus inoculated simultaneously, though degradation bodies from the egg must have been present. The hypertonic saline, as has been shown by Friedberger and his co-workers, inhibits ferment action, and we conceived that by injecting hypertonic saline into the peritoneal cavity the ferment action would be delayed until the necessary dilution of the saline had occurred by osmosis. We will discuss the effect of hypertonic saline on the bacteria later. Working by these methods we were able to produce fatal septiceemia with all these organisms, but the amount of bacterial substance required was very different with the different bacteria.
The less primarily toxic the bacterium was the more was required to produce septiceemic death. Except in so far as the gelatine method can be used for demonstrating that where large amounts of ferment are presumably present the amounts of bacterial substance required to produce septicaemic death are correspondingly large, in the light of further work we do not consider the gelatine method a good one for proving immunity due to large quantities of ferment ; for we have been able to produce by this method, but not by the saline, acute septiccemic death with an unpassed mycoides (growing at 37°C.). This can readily be explained. Friedberger was able to produce anaphylatoxin in the peritoneal cavity of guinea-pigs with any bacterium. We have noted that where large amounts of coagulated egg albumen are introduced into the peritoneal cavity toxic substances are formed from it, producing a fall of temperature. In the same way, similar substances can be liberated from the Bacillus mycoides and in the viscid gelatine, zones of ferment equilibrium become established round the bacteria, the ferment is incapable of destroying them, and by the time the delayed phagocytes arrive at the bacterium the aggressive substances prevent phagocytosis and the organism is able to survive. Thus we proved that the pathogenicity of bacteria depends upon the activity of the ferments in the animal host. If there is no, or slight, activity the organism is non-pathogenic; if there is high degree of activity, again the bacteria are non-pathogenic. And by either increasing or diminishing the ferment activity as the case may be, the bacteria may be rendered pathogenic.
Now with regard to virulence of bacteria. This must be regarded as entirely an educative property acquired by the bacterium. Gal showed that bacteria could be rendered virulent by cultivation in the presence of an enzyme, such as the enzyme of yeast cells. He further Pathological Section showed that virulent bacteria could more readily undergo disintegration than non-virulent, and demonstrated a so-called antitryptic effect. We have shown that-(1) Bacteria which are primarily non-pathogenic can, after passage through a sensitized animal, become so altered that they now produce disease in a normal animal; that is to say, they can be acted upon by the-mormal ferments' so readily that sufficient aggressive substances are formed.
(2) That organisms which have been obtained from the blood of septicaemic animals, which are normally immune owing to the high activity of the ferment, inoculated into normal animals will produce disease and death.
(3) That some organisms when they become virulent can develop a capsule.
With regard to the first of these points, we have been able to produce disease followed by death in normal animals after inoculating with passed Bacillus mycoides, Bacillus Timothy grass, Bacillus smegmaw, not only in guinea-pigs in which the original passage was conducted, but also in rabbits and rats.
In the case of the Bacillus mycoides, it eventually became so virulent after several passages that one-twentieth of a twenty-four hours' agar slope killed a normal guinea-pig weighing 300 grm. in about thirty-six hours. One-twentieth of an agar slope killed a rat in twenty-four hours, and half an agar slope killed a rabbit in twenty-four hours. Finally, eighteen guinea-pigs which had been placed in cages in which other guinea-pigs had died from the disease all died as the result of intestinal infection. It is interesting to'note that one guineapig which was pregnant was found to have the Bacillus mycoides in pure culture in the amniotic fluid.
With regard to the Timothy grass and smegma infections, the bacteria when isolated or when injected in the ground-up spleen, produced in normal guinea-pigs death with miliary tuberculosis and enlargement of the lymphatic glands in the chest in from four to twenty days. The organism has, as the result of repeated passage, now become so virulent that septiceemic death will occur in four days. The organisms when inoculated intraperitoneally into a rabbit in small quantity produce death in a week with general miliary tuberculosis, slight fibrinous peritonitis and enlarged glands, showing miliary tubercles, in the chest. This is particularly important, because lesions are not produiced in the rabbit by the unpassed bacteria. With regard to the second group of ill at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from 112 Thiele & Embleton: Pathogenicity cf Virulence of Bacteria organisms, these, when passed, produce septicemia with very small quantities without the aid of gelatine or hypertonic saline.
It was found that the Bacillus mycoides, which ordinarily has flagella and no capsule in the animal body, develops a capsule and loses its flagella when it becomes virulent. We will first discuss the composition and the function of the capsule. We conceive that the capsule is composed of extruded bacterial cytoplasm, which is extruded for the purpose of engaging the ferments and preventing them from reaching the bacterium itself and causing its death and destruction. It appears to us that the mechanism is to produce a state of ferment equilibrium around the bacterium, so that the bacterium is shielded from the further action of the ferment and is able to grow and multiply. Whether this is successful or not depends upon the relative amount of bacterial protoplasm and ferment activity. We are aided in this conception by the action of hypertonic saline, noted in our experiments. The hypertonic saline in addition to hindering the action of the ferment also appears to have an influence on the bacterium. The bacterium being in a hypertonic solution is subject to osmosis, the result of which is that diffusion of the bacterial cytoplasm occurs, thus forming a capsule in which the same condition of ferment equilibrium can be mnaintained in the presence of the weakly acting ferments. In the case of the gelatine, similar zones of equilibrium are maintained around the bacteria in the gelatine. The gelatine prevents rapid removal of the degradation bodies produced around the bacteria. It is conceivable also that the bacteria exude a little protoplasm into the surrounding medium which may be. more soluble than the capsules ordinarily demonstrable. This is kept in position by the gelatine so that the necessary equilibrium zone can be maintained. This is seen in the case of our experiments with the Proteus zenkeri, where an unpassed strain was injected in gelatine and 5 per cent. saline. Seven agar slopes injected in 5 per cent. saline produced no result beyond a transitory fall of temperature, but four agar slopes in gelatine produced toxic death and eight slopes produced septicsemia. The difference in the two cases would appear to be due to the gelatine temporarily acting as a containing capsule preventing the removal of the aggressive substances. We would. conceive that exotoxin is really this capsule formation in an exaggerated degree, but differs, in that the bacterium diffuses its protoplasm into the surrounding medium instead of retaining it in its immediate vicinity. And we regard exotoxin as soluble bacterial protoplasm which only becomes toxic on contact with ferment. The reason why we are led to conclude this is that with Bacillus diphtherice and Bacillus hojjmanii a septicaemia has never been produced. This appears to us to be due to the fact that zones of ferment equilibrium do not occur intimately around the bacterium, and so the ferment, which is apparently of high activity, is able to penetrate and kill the bacteria, the animal dying of toxeemia. The proof of the high ferment activity is that the guinea-pig can withstand large doses of these organisms if inoculated in the ordinary way and that the animal does not take the disease after sensitization. Now we have been able to obtain a Hoffmann and diphtheria septicaemic death by means of the gelatine and saline methods. From this we conclude that by the gelatine method we were able to keep the exuded bacterial protoplasm in intimate contact with the bacterium, so that a zone of ferment equilibrium could be established round the bacterium, forming a protective sheath against the further action of the ferment. In the case of the saline the inhibition of the ferment action and the exudation of a greater amount, and the lessened tendency to diffusion of the bacterial protoplasm, will bring about the same result. That these animals die of proteolytic degradation body poisoning can be demonstrated by the fact that the inoculation of their blood intravenously into a normal guinea-pig produces acute toxic death (acute anaphylaxis). This brings the diphtheria bacillus into line with the other bacteria; and it shows that death from bacteria possessing exotoxin or not is always due to the same cause-i.e., proteolytic degradation body poisoning.
In order to further this view several points require explanation. How does toxin become toxoid ? Toxins may be converted into toxoids by heat, by standing, by sunlight, and by drugs, such as iodine.
With regard to heat: If exotoxin is bacterial substance it will contain the autolytic ferment of the bacterium. Now on moderate warmth or standing this ferment starts degrading the bacterial protoplasm and after a time no further degradation can occur (unless the endbodies are renmoved), owing to ferment equilibrium, so that at any time there will be present (1) Unaltered bacterial protoplasm, which on inoculation can be converted into toxic early degradation bodies.
(2) Early degradation bodies, which on further action are rendered non-toxic.
(3) Non-toxic end-bodies.
The much smaller alnount of unaltered protoplasm is more rapidly attacked by the ferment present in the animal, so that the toxic bodies only tend to be present at any time in small amount, producing local changes at the seat of inoculation and no general poisoning. On this assumption we can also explain how it is that a toxoid can act as an antigen. Again, this explains why the fixation of complement occurs when toxin and antitoxin are added together (Nicolle and Armand Delille), for we must consider the antitoxin as a co-enzyme or amboceptor. Then with regard to the difference between the LO and the L + dose: on the principle on which these are worked out, no account is taken of the normal active ferment present in the guinea-pig.
Chemicals, such as iodine, converting the toxin into toxoid: We have the observations of Friedberger and Schittenhelm that iodized albumen can act as an absolutely foreign proteid to the homologous animal, so that iodine acting on bacterial protoplasm may so alter it that the ferments which could easily attack the ordinary toxin can now only very slowly act on the iodized " toxin." But as we know iodized toxoid can produce antitoxin, that is, a ferment against the unaltered toxin; this is parallel to the observation of Schittenhelm, that guineapigs sensitized against iodized egg albumen can react not only to that but to plain egg albumen. This means that the newly evolved ferment can also degrade the non-iodized homologous proteid.
Though we have discussed so far pathogenicity and virulence separately, yet we have come to the conclusion that they must be considered together. Thus an organism by passage m-ay become so altered that it is able to infect and multiply in an animal in which there is no specific ferment. The mycoides could only become pathogenic in the first instance on inoculation into a sensitized animal, that is, an animal that has acquired a certain amount of specific ferment. After passage this organism is capable of producing disease in a normal animal, that is, an animal which only contains panenzyme. Hence we must conclude that the bacterium has become so altered that it can be attacked by the panenzyme at such a rate that sufficient aggressive substances are formed to prevent phagocytosis, and that it has developed the property of extruding a capsule to form a protective zone in which ferment equilibrium occurs to prevent the enzyme from penetrating and destroying it. Thus we see that a bacterium which is virulent may also be pathogenic. The passed Smegma and Phlei are similar.
'
Now we must consider the bacteria which are not under ordinary circumstances pathogenic and which do not become so when the ferment is raised against them by the production of specific antibodies. The first point we must discuss is the activity of the ferment. We have come to the conclusion that septicaemia is not produced by a process of general ferment equilibrium in the whole animal body, but that septicaemia occurs if the relation between the quantity of bacterial proto-Pathological Section plasm and the ferment activity is such that aggressive substances areformed from the bacterial protoplasm by the ferment in sufficient. amount, and remain as such long enough to inhibit phagocytosis. Now first of all we can compare in vivo experiments with experi-ments carried out in the test-tube. From theoretical considerations the quantity of ferment only influences the rate of degradation, not the amount. So that in vitro, no matter how much ferment is present, ferment equilibrium eventually takes place and the same amount of the undegraded material remains in the two cases. This would mean unaltered bacterial protoplasm. We know from experinments in vitro that under these conditions, after ferment equilibrium has occurred the bacteria start to multiply again. Now, taking two guinea-pigs with the same quantity of ferment, if in one the ferment activity is unaffected, and in the other the ferment activity is damped, and into each the same amount of living bacterial protoplasm is inoculated, ferment equilibrium should occur in both, and septicaemia, if it occurs in one, should occur in the other, but at different times. But we find that where the ferment has been damped septicmemia occurs and not in the other; hence wemust conclude that septicaemia is not produced by general ferment equilibrium in the animal body alone. Taking account also of rate of' removal of end-bodies in both cases, these are being gradually removedr in the one case more rapidly than the other; so that in both cases, theoretically, if the amount of ferment is sufficient, the primary sub-' stance should be completely broken down. Hence we must conclude that the occurrence of a septicaemia depends upon the presence at any given time, and the maintenance, of early degradation products sufficient to prevent phagocytosis. Where the ferment activity is great the accumulation of the aggressive early degradation bodies is temporary, so that the inhibition of phagocytosis is only temporary, and this ceasesdirectly the bodies are further degraded.
Finally, there remains for discussion the fact that these organisms,. which by our methods have produced septicwmia, are now able when dire,tly inoculated into a normal animal, and in much smaller doses, to produce septicaemia. The fact that they can do so is a great argument. against fermentative equilibrium being the sole cause of septicaemia. Taking two normal animals and inoculating the same quantity of passed and unpassed bacteria, in the former septicaemia occurs, in the latternothing. Here the factors are the same: the same activity, the same weight of bacterial protoplasm; hence if septiceemia were solely due togeneral ferment equilibrium septicaemia should occur in both. Hencewe conclude that the difference is due to the retention around the-F-22a 116.
passed bacterium of bacterial protoplasm in various stages of degradation forming on the one hand an aggressive shield against the phagocyte and on the other hand against the ferment, so that the bacterium can multiply. Here, again, we believe that a bacterium which is virulent is so in virtue of its being able to exude some of its cytoplasm around itself and not into the surrounding medium, 4nd we should expect that on these lines a diphtheria bacillus which became virulent would not produce soluble exotoxin, but keep its halo of bacterial substance around itself. That this is probably so is brought out by the well-known observation that a very virulent diphtheria bacillus produces very little exotoxin.
CONCLUSIONS.
(1) Ferments form an important normal mechanism of defence against bacterial invasion. The ferments performing this important function are: (a) The normal panenzyme; (b) the slightly differentiated specific enzyme; (c) the thermolabile specific co-enzyme or amboceptor; (d) the thermostable specific co-enzyme or amboceptor. These last two adjuvant and accelerate the action of the ordinary enzyme.-The action of the ferment is to bring about proteolytic digestion of the bacteria.
(2) Exotoxins and endotoxins are bacterial protoplasm and are not primarily toxic per se, but only become so when acted upon by the ferments.
(3) The action of the ferinents on the bacterial protoplasm is to produce toxic early proteolytic digestive bodies. These bodies, besides being toxic to the animal, are also aggressive in the sense of Baili.e., are anti-phagocytic.
(4) The action of this toxic substance besides being aggressive is to produce: (a) in large amounts, death; (b) in lesser amounts, fall of temperature; (c) in small amounts, fever. This substance is the cause of death in all bacterial infections.
(5) The virulence of a bacterium -is dependent upon the power of exuding around itself a zone of its cytoplasm, which remains in position and acts as a protective shield. The production of a zone of ferment equilibrium in this shield protects the bacterium itself from the penetration of the ferment. The shield thus acted upon is also aggressive to phagocytosis.
(6) Pathogenicity is due to: (a) the virulence of the bacteriuim; <b) the relative activity of the ferment to the bacterium.
Thus we should say that immunity is due to phagocytosis and ferment action, that is to say, cellulo-humoral.
